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Introduction
Prices of telecommunication services is a key issue for competition and regulatory authorities. They have a high impact on the whole economy and in ‡uence the rate of growth (Röller, 2001) (Datta, 2004) (Wavermann & Meschi, 2005) . To compare prices of telecommunication services across countries and over time, it seems more appropriate to consider the price of a unit of consumption than simply comparing the subscription prices. Indeed, the services o¤ered in a subscription can vary widely over time, across countries and even between consumers while a unit of consumption (minute of communication or quantity of data) is much more suited to the comparison. Usage (in minutes or MBytes) better characterizes the amount of useful service for users than subscription, either as intermediate consumption for business, or as …nal consumption for households. A minute of communication or a Megabyte has the same meaning for each consumer regardless the time or the country.
The unit prices of telecommunications services fall sharply over time, which bene…ts consumers that highly increase their consumption. What are the causes of such a fall? Is this the result of increased competition? or drastic reduction in operating costs? or rather the e¤ect of technological progress embodied in the network through investment? All these reasons may contribute to lower prices, 1 but not all in the same proportions. To what extent each of them contributes? This paper attempts to answer this question from both a theoretical and an empirical point of view. The paper shows that the impact of investment in successive generations of network technologies is predominant in the permanent trend of price reduction of telecommunication services, over time. Using a 13 national mobile markets dataset provided by the "World Cellular Information Services" database from 2008 to 2012, empirical evidence from mobile markets stresses that the impact of competitive intensity and operating costs are almost negligible compared to the impact of investment in a period of just …ve years.
The fact that investment is the main driver of unit-price reduction leads to important policy implications. In particular, the price cost margin issue is particularly relevant. On the one hand, the current margin has a direct and increasing impact on unit price, on the other hand, the expected margin spurs investment and tends to increase tra¢ c which has a decreasing impact on unit price. Empirical evidence shows that, as expected, the dynamic impact on tra¢ c dominates the static impact on price in the data which have been studied. As a result, higher margin tends to accelerate the decrease of unit-price. Therefore, the level of competition that reduces margin should be carefully settled in order to allow the required investments that reduce unit prices.
Information Technologies in general and telecommunication industry in particular experience a high technological progress for more than a century. According to Koh and Magee the yearly technical progress rate is relatively steady around 20 to 30% for the Information technologies (Koh H. &., 2006) , highly above that of energy sector which is around 6% (Koh H. &., 2008) . This high technical progress spurs investment. Doms highlights that the sharp increase in telecommunication service providers' investments, in the late 1990s, corresponds to an acceleration of the technical progress rate (Doms, 2004) . Technical progress generates opportunities to improve the quality of service for consumers and encourages telecom operators to invest. (Jeanjean, Competition through Technical Progress, 2011) . Competition has an ambiguous impact on investment incentives. On the one hand, competition encourages investment with the "escape competition e¤ect", and on the other hand, it deter investment reducing the future expected pro…ts. As a result, there is an inverted U relationship between competition and investment in the telecommunication industry. This relationship highlighted by (Aghion, Bloom, Blundell, & gri¢ th, 2005) between competition and innovation has been extended between competition and investment in several empirical studies (Friederiszick, Grajek, & Röller) , (Kim, Kim, Gaston, Lestage, & Kim Y & Flacher, 2011) .
The rest of the paper is organized as follows. The second section presents the dataset, the third section shows that tra¢ c growth is mainly driven by investment. Contrary to what is typically observed in many industries where technological progress is lower, the empirical analysis shows that the causality runs from investment to growth in tra¢ c, rather than the reverse. The fourth section explains the evolution of price per Megabyte according to margin, costs and tra¢ c growth and concludes that tra¢ c growth highly dominates margin and costs. The …fth section discuss on the margin ambiguous impact and the 2 sixth section is the conclusion and the policy implications.
Data set
The dataset gathers annual …nancial information from 13 countries around the world between 2008 and 2012.
Total revenues and Ebitda per country in millions $US are provided by Informa database WCIS "World cellular Information Service". WCIS is on a quarterly basis thus the data have been annualized. In the rest of the paper, Ebitda is treated as pro…t. In all the countries, during the studied period, tra¢ c increases almost exponentially, while the variations of the other variables are much more moderate. Revenues and Ebitda tend to decrease in Europe and to increase in the other countries (exepted Ebitda in India). The growth in the number of users is largely due to emerging countries, particularly China and India, it is much lower in developed countries. Tra¢ c growth is much higher than the revenue growth, therefore the price of Mbyte decreases very sharply.
Tra¢ c is driven by investment
The wireless data tra¢ c is experiencing almost exponential growth for several years (Cisco Networking Index) . One wonders what is driving this growth? Investment by mobile operators or the increasing use of consumers over time, driven by experience and imitation? Obviously, both are necessary. Investment is necessary to install the capacity required to carry the tra¢ c and consumers' demand is necessary to increase the tra¢ c. What is the relative importance of time and investment in tra¢ c growth? This question is even more di¢ cult because the investment is relatively stable over time, making the cumulative investment strongly correlated with the time.
In order to disentangle this problem, let us consider …rst the two extreme opposite cases that may generate an exponential growth of tra¢ c, then let us build the intermediate cases between the two initial cases.
The …rst case explains the tra¢ c by the time only. The tra¢ c increases because the consumers'demand follows an imitation process which is not limited by capacity constraints. The imitation process means that the growth of tra¢ c is proportionnal to the current tra¢ c:
where t represents the coe¢ cient of imitation, T; the tra¢ c and t; the time. In that case, investment merely adapts network capacities to the growing tra¢ c. This avoids the capacity constraints.
The second case explains the tra¢ c by investment only. Investment improves the quality of service for the customers, encouraging them to increase their consumption. In that case, the growth of tra¢ c generated by an investment is proportionnal to the current tra¢ c:
where K represents the cumulative investment. At time t,
the amount invested at year t and K , the coe¢ cient of sensitivity to improved quality. Remark: If investment is constant over time, 8t; I t = I; the cumulative investment increases steadily: K t = (t + 1)I, therefore dK = Idt and dT dt = K IT which means that equation 2 becomes similar to equation 1 with t = K I: On the contrary, if the investment varies highly over time, the two equations becomes very di¤erents.
Let us assume is the coe¢ cient of the contribution of the variations in investment to the tra¢ c such that : I 
see annexes for the proofs)
. Therefore:
We can check that when = 0; tra¢ c depends only on time, in this case, t = K 0 K 0 and when = 1; tra¢ c depends only on investment, in that case,
We can test equation 4 for each country and di¤erent values of using the OLS regression to estimate the coe¢ cient K 0 :
i indexes the country and t the time in year. " is the error term. The results are reported in the following table below (Table 2) lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  lnTT0  France 0.000313*** 0.000301*** 0.000312*** 0.000301*** 0.000311*** 0.000300*** 0.000309*** 0.000299*** 0.000308*** 0.000298*** 0.000304*** 0.000295*** 0.000299*** 0.000292*** (1.36e-05) (1.32e-05) (1.35e-05) (1.31e-05) (1.34e-05) (1.29e-05) (1.33e-05) (1.28e-05) (1.33e-05) (1.27e-05) (1.33e-05) (1.27e-05) (1.37e-05) (1.29e-05) Germany 0.000159*** 0.000153*** 0.000159*** 0.000153*** 0.000157*** 0.000151*** 0.000155*** 0.000150*** 0.000154*** 0.000149*** 0.000150*** 0.000145*** 0.000144*** 0.000141*** (7.22e-06) (7.00e-06) (7.17e-06) (6.95e-06) (7.05e-06) (6.81e-06) (6.98e-06) (6.73e-06) (6.93e-06) (6.65e-06) (6.87e-06) (6.53e-06) (6.92e-06) (6.51e-06) Italy 0.000220*** 0.000211*** 0.000220*** 0.000211*** 0.000220*** 0.000212*** 0.000220*** 0.000212*** 0.000221*** 0.000213*** 0.000221*** 0.000214*** 0.000222*** 0.000216*** (1.04e-05) (1.01e-05) (1.03e-05) (1.00e-05) (1.03e-05) (9.95e-06) (1.03e-05) (9.92e-06) (1.03e-05) (9.91e-06) (1.05e-05) (1.00e-05) (1.10e-05) (1.04e-05) Spain 0.000286*** 0.000274*** 0.000286*** 0.000275*** 0.000288*** 0.000277*** 0.000289*** 0.000278*** 0.000290*** 0.000280*** 0.000294*** 0.000285*** 0.000299*** 0.000291*** (1.33e-05) (1.29e-05) (1.33e-05) (1.29e-05) (1.33e-05) (1.29e-05) (1.33e-05) (1.29e-05) (1.34e-05) (1.29e-05) (1.38e-05) (1.32e-05) (1.47e-05) (1.38e-05) UK 0.000228*** 0.000219*** 0.000228*** 0.000219*** 0.000228*** 0.000220*** 0.000228*** 0.000220*** 0.000228*** 0.000220*** 0.000228*** 0.000221*** 0.000228*** 0.000223*** (1.00e-05) (9.74e-06) (1.00e-05) (9.70e-06) (9.95e-06) (9.62e-06) (9.94e-06) (9.58e-06) (9.95e-06) (9.57e-06) (1.01e-05) (9.64e-06) (1.05e-05) (9.93e-06) Russia 0.000119*** 0.000114*** 0.000118*** 0.000113*** 0.000117*** 0.000113*** 0.000117*** 0.000112*** 0.000116*** 0.000112*** 0.000113*** 0.000110*** 0.000110*** 0.000108*** (5.83e-06) (5.66e-06) (5.79e-06) (5.62e-06) (5.71e-06) (5.52e-06) (5.66e-06) (5.46e-06) (5.62e-06) (5.41e-06) (5.60e-06) (5.34e-06) (5.67e-06) (5.36e-06) USA 2.45e-05*** 2.35e-05*** 2.45e-05*** 2.34e-05*** 2.44e-05*** 2.34e-05*** 2.43e-05*** 2.34e-05*** 2.42e-05*** 2.33e-05*** 2.40e-05*** 2.32e-05*** 2.37e-05*** 2.31e-05*** (1.23e-06) (1.19e-06) (1.22e-06) (1.18e-06) (1.21e-06) (1.17e-06) (1.20e-06) (1.16e-06) (1.20e-06) (1.15e-06) (1.21e-06) (1.15e-06) (1.24e-06) (1.17e-06) Canada 0.000367*** 0.000353*** 0.000362*** 0.000348*** 0.000346*** 0.000333*** 0.000334*** 0.000322*** 0.000321*** 0.000310*** 0.000292*** 0.000284*** 0.000261*** 0.000255*** (1.67e-05) (1.62e-05) (1.64e-05) (1.59e-05) (1.56e-05) (1.51e-05) (1.50e-05) (1.45e-05) (1.45e-05) (1.39e-05) (1.34e-05) (1.28e-05) (1.25e-05) (1.18e-05) Brazil 0.000111*** 0.000107*** 0.000111*** 0.000108*** 0.000113*** 0.000109*** 0.000114*** 0.000110*** 0.000116*** 0.000112*** 0.000119*** 0.000116*** 0.000125*** 0.000122*** (4.67e-06) (4.53e-06) (4.67e-06) (4.53e-06) (4.71e-06) (4.55e-06) (4.75e-06) (4.58e-06) (4.82e-06) (4.63e-06) (5.07e-06) (4.82e-06) (5.51e-06) (5.19e-06) Japan 3.55e-05*** 3.39e-05*** 3.55e-05*** 3.39e-05*** 3.54e-05*** 3.39e-05*** 3.53e-05*** 3.39e-05*** 3.53e-05*** 3.39e-05*** 3.51e-05*** 3.39e-05*** 3.49e-05*** 3.39e-05*** (1.92e-06) (1.86e-06) (1.91e-06) (1.86e-06) (1.90e-06) (1.84e-06) (1.90e-06) (1.83e-06) (1.90e-06) (1.82e-06) (1.92e-06) (1.83e-06) (1.99e-06) (1.88e-06) Korea 0.000184*** 0.000176*** 0.000181*** 0.000173*** 0.000173*** 0.000165*** 0.000167*** 0.000160*** 0.000160*** 0.000154*** 0.000145*** 0.000140*** 0.000129*** 0.000125*** (1.02e-05) (9.93e-06) (1.00e-05) (9.74e-06) (9.53e-06) (9.22e-06) (9.20e-06) (8.88e-06) (8.85e-06) (8.52e-06) (8.17e-06) (7.80e-06) (7.59e-06) (7.18e-06) China 1.68e-05*** 1.58e-05*** 1.67e-05*** 1.57e-05*** 1.63e-05*** 1.53e-05*** 1.60e-05*** 1.51e-05*** 1.56e-05*** 1.48e-05*** 1.48e-05*** 1.41e-05*** 1.38e-05*** 1.33e-05*** (1.21e-06) (1.17e-06) (1.19e-06) (1.16e-06) (1.16e-06) (1.12e-06) (1.14e-06) (1.10e-06) (1.11e-06) (1.07e-06) (1.07e-06) (1.02e-06) (1.05e-06) (9.89e-07) India 0.000170*** 0.000161*** 0.000169*** 0.000160*** 0.000166*** 0.000158*** 0.000164*** 0.000156*** 0.000161*** 0.000154*** 0.000155*** 0.000148*** 0.000147*** 0.000142*** (1.10e-05) (1.07e-05) (1.09e-05) (1.06e-05) (1.07e-05) (1.03e-05) (1.05e-05) (1.02e-05) (1.04e-05) (9.98e-06) (1.02e-05) (9.68e-06) (1.01e-05) (9. The value of that best explains the growth of tra¢ c is close to 0:6. Indeed, the Fisher statistic as well as the R-squared are maximum around this value. This means that both investment and time are necessary to explain the tra¢ c. They both contribute to tra¢ c growth. The contribution of Investment seems to be slightly higher than that of time. The constant term is not signi…cant in all cases, and in any case, never above the 5% level. Even when the constant term is signi…cant, it is quite lower than the Root-Mean square error and may be neglected as in the equation 5. The coe¢ cients K 0 are all highly signi…cant for all the countries, and the R-squared are all quite close to 1 which means that the model has a high explanatory power. In all the countries, coe¢ cient K 0 is moderately sensitive to , this is a consequence of the correlation between time and cumulative investment. The value of between 0 and 1 suggests that a part of investment may not directly contribute to the growth in tra¢ c and also that there is a certain inertia between investment and the growth in tra¢ c. Indeed, there is a time between the installation and the use of tra¢ c capacities.
The price of the Mbyte
Unit price, up; may be expressed as the ratio between Revenue, R, and tra¢ c, T : up = R T . Unit price is thus inversely proportional to the tra¢ c. The relationship between Ebitda, E, operating costs, C, and revenues writes E = R C , the Lerner index L is de…ned by L = Therefore, Unit price writes:
The contribution of each variable to the unit price is driven by the elasticities:
It is noteworthy that the elasticities of operating costs and competition are constant while the elasticities of investment and time depend negatively on time with an increasing absolute value.
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The sign of the elasticity of operating costs is positive. An increase in operating costs, all things being equal increases the unit price. The sign of the elasticity of competition is negative. An increase in competition intensity, all things being equal, reduces the Ebitda margin and then the unit price. The signs of Investment and time elasticities are negative because both investment and the imitation process over time increase tra¢ c which reduces unit price. However, the impacts of operating costs and competition are static. Their elasticities remain equal to unity. The impacts of investment and imitation process are dynamic, they increase over time. As a consequence, the impact of dynamic e¤ects becomes predominant after a while. Moreover, operating costs and competition can increase or decrease over time while cumulative investment always increase and time always ‡ows in the same direction. Speci…cally, the dynamic e¤ects outweigh the static e¤ects after only a few months. On the entire 5-year period between 2008 and 2012, the static e¤ects appear almost negligible compared to the dynamic e¤ects.
Using the dataset, it is possible to determine the actual contribution of each parameter to the fall in unit price during the period 2008-2012. After some transformations (see annexes), equation 6 yields:
The value of each term represents the relative change of one parameter during 2008 and 2012. The value of is set to 0:6; as it maximizes the explanation power of equation 5, however, given the strong correlation between the cumulative investment and time, the results are not very sensitive to changes in . The following table provides the results for each country: 
Country Unit price (Observed) Operating Costs Competition Investment
Unit price calculated is given by the left term of equation (8)
The …t between right and left term is R 2 = 0:947. Contributions of static e¤ects (operating costs and competition) are relatively low compared to contributions of dynamic e¤ects. In the case of France, for example, the decrease of operating costs have entailed a decrease by 3% of MByte price, the increase of competitive intensity 11%, while investment and time entailed respectively a decrease by 161% and 105%. the graph below (…gure.1) compares the contributions of static and dynamic e¤ects.
Figure.1: Comparison between Static and Dynamic e¤ects
The contribution of static e¤ects may be positive or negative. Indeed, during the period 2008-2012, competitive intensity has increased in some countries and decreased in others. Same for Operating costs (see Table. 3). While static e¤ects can increase or decrease unit prices, dynamic e¤ects always contribute to decrease them. During the period 2008-2012, dynamic e¤ects have had an impact more than …ve times higher than the static e¤ects, and this di¤erence tends to increase over time. Indeed, the elasticities of dynamic e¤ects increase over time while elasticities of static e¤ects remain steady ( see equation 7). Moreover, the potential for change of static e¤ects are limited; indeed, it is not possible to increase competition intensity beyond perfect competition (1 L) = 1, operating costs can not sustainably exceed revenues, and revenues can not exceed consumers' willingness to pay, while cumulated investment and time regularly increase. This is the reason why, on the long run, static e¤ects become negligible compared to dynamic e¤ects.
5 In Wireless Industry, increased margin tends to decrease unit price on the long run
In this regard, the impact of margin on unit price is particularly relevant because margin has not only a direct and increasing impact on price per user but also an indirect and increasing impact on investment. Investment increases the rate of growth of tra¢ c and, as a consequence, accelerates the fall in unit price. The graph below (…gure.2) compares the Margin/User and Investment/User in the dataset and highlights the relationship between margin and investment. The number of users is used to control for the di¤erent market size among countries. Each plot represents a national market during a year. An increase in margin entails an increase in investment that in turn accelerates the growth of tra¢ c. The growth of tra¢ c accelerates the fall in unit prices. After a few months, as seen in the previous section, the impact on tra¢ c which is dynamic, outweighs the impact on price , which is static. As a consequence, an increase in margin entails a decrease in unit price through the growth of tra¢ c that outweighs the increase in price caused by increased margin. The following …gure ( Figure. 3) compares the relative change in the rate of margin and the relative change in unit price between 2008 and 2012. The relative change means up4 up0 up0
for unit price and
L4 L0 L0
for the rate of Margin. Figure. 3: Margin accelerates the fall in unit price Figure. 3 highlights a negative and signi…cant correlation between change in the rate of Margin and change in unit price. As expected, the countries where the Ebitda margin has grown the most are those where the fall in unit price has been the fastest. Although margin tends to increase price, its impact on investment and tra¢ c is predominant and …nally margin accelerates the fall in unit price.
Competition has a high negative impact on margin. This impact is both static and dynamic, however, as dynamic e¤ects outweigh static e¤ects within a few months, competition intensity tends to slow down the fall in unit price in the long run. However, it should be noted that this result is speci…c to the industry during the studied period characterized by a very high rate of technical progress, making investing so e¤ective at improving the quality of service (speed, applications,...) In sectors with a lower technical progress, the dynamic e¤ects are lower, it is then possible that they do not outweigh the static e¤ects. The correlation between the intensity of competition and the unit price is positive and signi…cant. Although competition tends to decrease the price per user, competition decreases margin and investment and as a result, competition slows down the fall in price of MByte.
Similarly, the increase in operating costs, causes both an increase in price/user and a decrease in margin and thus in investment. As a result, this slows down the tra¢ c growth and the fall in unit price. As for operating costs both static and dynamic e¤ects act in the same direction, the impact on unit price is very high. 
Conclusion
In a highly innovative industry, like telecommunication and particularly wireless industry, where the technical progress is tremendous, investment becomes the key issue. Investment drives the growth of tra¢ c while competition avoids such a growth of subscription price. As a result, price of Mbyte decreases sharply allowing consumers to bene…t from a higher bit rate for a pretty steady price. This improvement also bene…ts to service and content providers that may provide more services and more contents.
However, There is a drawback. Investment requires some margin and the increased margin reduces consumer surplus. However, increased margin also allows increased investment which accelerates the fall in prices of MByte. Increased investment rapidly compensates for the reduced consumer surplus caused by increased margin, and, as a result, accelerates the fall in Mbyte price increasing ultimately the consumer surplus.
However, it should be noted that this result is speci…c to very innovative industry. In sectors with a lower technical progress, impact of investment is lower, it is then possible that it never outweighs the negative impact of increased margin.
Annexes

Proof of
As a result I Proof of equation (8):
From equation (6): (8) 
